The study was conducted to investigate the acute and sub-acute toxicity effect of Aquilaria malaccensis leaves aqueous extract (AEAM) towards male ICR mice in terms of body weight, relative organ weight, mortality rate and sperm parameters. In acute toxicity study, a single dose at of 2000 mg/kg was performed. In sub-acute toxicity study, the mice were received normal saline (control group), 50, 100, 150, 200, 500, or 1000 mg/kg of AEAM orally for 21 days of treatment. In sub-acute toxicity study, the number of abnormal sperm were significantly decreased in AEAM 100, 150, 200, 500, and 1000 when compared to the control group. While, the motility of sperm were found to be significantly increased in AEAM 100, 150, 200, and 1000 as compared to the control group. No mortality was recorded in the control group and treated groups in both toxicity studies except for one mouse from AEAM 1000 group. However, the mild sedative effect in terms of the tendency to sleep was clearly noticeable in both toxicity studies. Results indicated that the AEAM can be one of the useful alternative medicine to enhance fertility rate by increasing healthy sperm production.
Introduction
The growing popularity and market interest for the plant-based drugs used among Malaysian are undeniable specifically in improving male fertility and this situation may bring to a dynamic transformation in the modern world. 1 The World Health Organization (WHO) defined infertility as the state in which a couple whom fail to get children after one year of regular unprotected intercourse. 1 The percentage of couples whom fail to get children within one year is about 25%, 15% of whom look for medical treatment to heal infertility problem and under 5% of the couple remain unwillingly childless. 2 Infertility problem has been affected both men and women over the world. Recently, the sperm evaluation is very vital in investigating the fertility status in male. 3 The reduction in the number of sperm cells, low motility rate, and increase in malformation of sperm cells are the primary causes of infertility problem in the male. 4 Some plant species have been used as fertility enhancing in traditional medicines of various countries such as Psidium guajava, 5 Eurycoma longifolia, 6, 7 , Lunasia amara, 8 Gynura procumbens, 9 Chlorophytum borivilianum, 10 Phaleria macrocarpa, 11 and Hibiscus sabdariffa. 12 Another potential plant for fertility purpose that still not investigate belongs to the genus of Aquilaria which is Aquilaria malaccensis. This species also known as agarwood and the leaves of this plant are frequently used in folk medicine in many countries for the promotion of good health and treatment of many ailments. Many previous studies have been performed on the effect of different species of the agarwood leaves extracts as anticancer agent, 13 Alzheimer's disease drug, 14 therapeutic laxative agent, [15] [16] antipyretic and antiinflammatory, 17 antimicrobial, 18, 19 and anti-hyperglycemic activity. 20 However, there are no studies have been reported till date on agarwood leaves extracts that may act as a supplement to cure infertility problem in men scientifically although it has been used traditionally for years.
Nowadays, there is increasing concern about the safety of medicinal plants and their ability to produce toxicity and adverse effects to the consumers. Currently, the finding of the acute and sub-acute toxicity studies on plant based drugs and its preparation becomes compulsory to be practiced by researchers around the world due to the increase of sureness in plant based drugs safety for human use. 21, 22 Toxicity studies are very helpful in providing the information that extremely useful as the main precursors to guide the correct decision making either a new drug should be adopted for clinical used or not and fortunately, to date, no drug is utilized clinically without its clinical trials and toxicity studies. 23 Thus, the present study is important to provide scientific support for its purported folkloric usage since there is no scientific information available in the literature on any systemic toxic effect for single and repeated doses of A. malaccensis aqueous crude extract (AEAM). A wide variety of parameters is monitored, such as cage-side observation for irregular signs, body weight, relative organ weight, mortality number, and sperm evaluation.
Experimental
Plant materials -Aquilaria malaccensis with herbarium number NHM002 was collected from Agarwood Al-Hilmi plantation in Behrang, Perak, Malaysia in November 2015. Species was identified by Associate Prof. Dr. Fatimah Mohamed from Biology Department, Universiti Pendidikan Sultan Idris and deposited to the Herbarium of Universiti Pendidikan Sultan Idris.
Plant sample extraction -The fresh leaves of A. malaccensis were collected from Agarwood Al-Hilmi plantation in Behrang, Perak, Malaysia. The leaves were washed, air dried, and ground using electrical grinder to form a fine powder. 800 g of the powder was macerated in 8 L of distilled water for 24 h at room temperature with occasional stirring. The mixtures were filtered using cloth filter at room 24 and the filtrate obtained were oven dried at 55 o C for 48 hours, 25 followed by freeze drying for 72 h. 26 The brown crude extract obtained was stored at -20 o C prior to further use.
Experimental animals -The experiment was performed on healthy male ICR mice of 12 to 14 weeks old and body weight of 34 ± 6 g. All methods that applied in this study was done under proper research ethics and care that was approved by University Pendidikan Sultan Idris research ethics committee. Mice were randomly divided into 2 groups and 7 groups comprising of 5 animals each for acute and sub-acute toxicity studies respectively. The animals were housed maximum 5 mice in each polypropylene cage under standard animal housing conditions with controlled lighting (12 h dark-light cycles) and temperature (25 ± 2 o C). During the entire experimental period, the animals were provided with food and water ad libitum. The animals were allowed to acclimatize for 5 days before the experiment started. 27 Toxicological evaluation Acute oral toxicity study -For acute toxicity study, a single dose was performed at 2000 mg/kg as implemented by previous study. 28 The aim of this study is to investigate the single oral toxicity effect of the crude extract from A. malaccensis leaves towards ICR male mice. Ten healthy mice were randomly selected and divided into two groups. Feeding was done using plastic syringes attached to ball-tipped stainless steel feeding needle. The control group received an equal volume of normal saline orally. The general behaviour of the mice was continuously monitored and observed using CCTV video camera after dosing, periodically during the first 24 h and then daily thereafter, for a total of 14 days. All animals were weighed on 0, 7 th , and 14 th days and were observed for any abnormal behaviour symptoms and mortality. Animals were sacrificed under ether anesthesia at the end of the experiment.
Sub-acute oral toxicity study -Repeated dose oral toxicity study was carried out according to OECD Guideline 407. 29 Thirty five adult male mice were divided into 7 groups and treated with AEAM using plastic syringes attached to ball-tipped stainless steel feeding needle daily for 21 successive days ( Table 1 ). The administration volume was 10 mL/kg b.w of the animal. 27 The quantity of the crude extract was calculated based on the body weight of the animal and dissolved in distilled water before administered directly to the mice. 30 All the animals were closely observed using CCTV video camera via cage-side observation during the first 30 min after Mice received 10 ml/kg body weight of normal saline (n = 5) AEAM 50
Mice received 50 mg/kg body weight /day crude extract (n = 5) AEAM 100
Mice received 100 mg/kg body weight /day crude extract (n = 5) AEAM 150
Mice received 150 mg/kg body weight / day crude extract (n = 5) AEAM 200
Mice received 200 mg/kg body weight / day crude extract (n = 5) AEAM 500
Mice received 500 mg/kg body weight / day crude extract (n = 5) AEAM 1000
Mice received 1000 mg/kg body weight / day crude extract (n = 5) treatment, followed by observation during the first 4 h for mortality and sign of illness. Then, they were observed periodically for the next 24 h and once daily for the next 21 days. The animals were observed daily for the purpose of observing any abnormal signs including; changes in skin colour, fur, and eyes; respiratory effects; salivation; diarrhea; urination and sleepy symptoms. 31, 32 The number of mortality also recorded and calculated in percentage. Body weight (g) of the mice was recorded on day 0, day 7, day 14 and day 21 by using electronic scale. The mortality rate in percentage also calculated in this study. 22 Relative organ weight -At the end of the experiment, all the animals in both toxicity studies were sacrificed to obtain the relative organ weight. At day 15 (acute toxicity study) and day 22 (sub-acute toxicity study), the animals were sacrificed under ether anesthesia. Liver, kidney, testis and epididymis were carefully removed, free from adipose tissue, rinsed with normal saline, dried and weighed separately. The relative organ weight of each animal was then calculated using formula from previous studies. 22, 33 Sperm toxicity study -After sacrificed under ether anesthesia at the end of the experiment, all of the experimental animals were furthered with sperm evaluation that consists of sperm motility, sperm morphology and sperm count.
Preparation of sperm suspension for sperm parameters -Sperm were obtained from fresh epididymis of adult mice. The epididymis of each animal was removed and placed in a small clean petri dish containing 5ml of physiological NaCl-solution (0.9%) 2 preheated to 37 o C. 34 Sperm count -Epididymal sperm were counted by a modified method. 35 Briefly, the epididymis was minced in 5 ml of physiological saline (0.9% NaCl) in petri dish. The sperm suspension obtained was mixed with 1% eosin Y in the ratio of 1:1. About 10 µL of the sample was transferred to each counting chamber of the Neubaur haemocytometer and was allowed to stand for 5 minutes for sedimentation, then sperm were counted in the large four squares and expressed as sperm count in million using inverted microscope at 10 x magnification.
Sperm motility -The motility of sperm was evaluated under 20 x magnification of an inverted microscope. Approximately 10 µL of the sperm suspension was transferred to a Neubauer's chamber. 2 Sperm motility was categorized into "motile" or "non-motile". 2 Non-motile sperm numbers were first determined, followed by counting of total sperm. Sperm motility was expressed as percentage of motile sperm from the total sperm counted. 36 Sperm morphology -The sperm morphology was determined with slight modification 37 . 10 µL of Eosin Y (1 ℅) stain was added to 50 μL of the sperm suspension and kept for 5 minutes. After that, 10 µL of the sample was pippetted to sample injection area of the Neubauer improved disposable hemocytometer chamber and was air dried before observed under the microscope for changes in sperm morphology. The criteria were chosen for abnormality of sperm based on some previous studies. 3, 38, 39 abnormalities recorded were; no hook, banana shape, pin head, bent head, coiled flagellum, bent flagellum, hairpin loop and bent flagellum. Two hundred randomly chosen sperm from each mice were evaluated using 40 × magnification of the inverted microscope. Sperm morphology was expressed in percentage. 40 Statistical analysis -All results were expressed in mean ± SEM. Statistical analyses were performed using Student's t-test or one-way ANOVA was used followed by Tukey's test for parametric multiple comparisons between the control and the treatment groups. The values were considered significantly different when the p value was less than 0.05 (p < 0.05).
Result and Discussion
Nowadays, there has been an increasing use of the medicinal plant as the alternative way for treatment of various diseases, but their toxicities and side effects are still poorly recognized. 41 Therefore, toxicity studies must be done in order to verify the safety and effectiveness of plant medicine for human consumption. In the present study, water extract of A. malacensis leaves was used to test acute and sub-acute toxicity in terms of body weight, relative organ weight, mortality rate and sperm parameters.
Based on the acute toxicity findings, the median lethal dose (LD 50 ) value could not be determined, as LD 50 describes only one end point that causes the death of 50% of the tested animals. Thus, the results obtained in this study suggested that the LD 50 of AEAM leaves is higher than 2,000 mg/kg body weight, as all animals survived and no mortality was found in the mice exposed to the highest concentration given throughout the experimental period ( Table 2) . A similar result was obtained in the administration of agarwood (Aquilaria crassna) young leaves crude ethanolic extract to the experimental animals. 27 They found that there was no mortality observed after the administration of plant extract. Table 2 showed that there was a significant difference in the body weights changes in acute toxicity study between the treated group and control group of mice on day 0 and day 14. Basically, in acute toxicity study, the dose level of plant extract is considered to be toxic when it's caused 10% or more reduction in body weight of treated animals. 42 Therefore, the present finding was confirmed that the treated mice which received AEAM 2000 was in safe condition because the reduction in body weight was less than 10% when compared to their initial body weight.
The relative organ weights of mice in acute toxicity study are presented in Table 3 . There were no significant differences observed in the relative organ weights of all organ in the treated mice as compared to control group. The administration of single dose of AEAM 2000 caused slightly increase in the percentage of abnormal sperm count, sperm count and the percentage of sperm motility in all treated groups as compared to the control group (Table 4 ). However, there were no significant differences found in sperm parameters except in sperm motility (p < 0.05) when compared to the control group.
The changes in body weight and percentage of mortality rate of treated mice in sub-acute toxicity study are presented in Table 5 . No mortality was recorded in control group and treated groups except for the treated group of AEAM 1000 (20% mortality rate). There was a significant change (p < 0.05) in the body weight of treated mice receiving AEAM 150, 500 and 1000 (day 0) and AEAM 500 (day 7) as compared to control group (Table 5 ). This situation is probably due to the stress condition that might be obtained in the treated mice through force feed technique of AEAM that implemented in this study. Mice are a stress sensitive animal and quite difficult to cope and adapt with its unfamiliar daily routine. 43 Therefore the slight reduction in body weight of mice in AEAM treated groups starting from day 7 to day 21 compared to their initial body weight on day 0 is probably due to this stress condition. This result is parallel with the finding from a previous study. 44 They reported that there was a change in body weight of treated mice for the repeated oral administration that received methanolic extraction of A. crassna leaves (800 and 8000 mg/kg b.w) starting from day 2 until the end of the experimental period when compared to the control. The earlier study 43 also suggested that the reduction in body weight in mice are probably related to the reduction of its daily food intake due to the stress condition.
The results for sub-acute toxicity study of the relative organ weights of mice are summarized in Table 6 . There were no significant differences (p > 0.05) observed in the relative organ weights of all organ as compared to the control group. The organs weights are relatively sensitive indicators for particular organs in toxicity studies especially liver and kidney. 45 The findings of the present study exposed that the internal organs like liver, kidney, testis and epididymis were not adversely affected by toxicity throughout the treatment. This finding also in agreement with earlier study 45 that working on Calotropis gigantean, they found that there were no significant changes recorded in the internal organ weights of the treated animals when compared to the control group. Thus, they suggested that all of the treated animals that received C. gigantean extract had no effect on their normal growth and keep healthy throughout the experimental period.
Recently, phytochemicals that derived from plant have been drawing many interests among researchers due to its potential as natural alternatives to synthetic compounds that already available nowadays. 46 The presence of various phytochemical constituent especially flavonoids in the medicinal plant is very beneficial because this constituents have androgenic effects that useful to stimulate the spermatogenesis by enhancing the production and development of mature sperm cell in man. 47 The phytochemical constituents found by previous researchers in Aquilaria leaves extract are flavonoid glycosides, 48 2-(2-phenylethyl) chromenes, 49 lignans 50 and diterpenoids. 51 Besides, the phytochemical constituents such as alkaloids, tannins, saponins, flavonoids, and terpenoids also are available in the Aquilaria leaves extract. 13, 52 The phytochemicals that derived from plant extract may contribute a huge benefit to consumer as a health supplement specifically as antioxidant agent. 53 Generally, plant with antioxidant properties capable to suppress lipids peroxidation hence reduces the number of abnormal sperm. 54 In this study, the presence of antioxidant for A. malaccensis plant leaves have not been examined, but from previous studies 19, 26 reported that the extraction of leaves from this species has natural antioxidant properties. Therefore, it can be said that the leaves extract of this plant probably contributes to the reduction of abnormal spermatozoids through a similar mechanism. This situation was confirmed when the present study found that there was a significant reduction in abnormal sperm count for treated groups of AEAM 100, 150, 200, 500 and 1000 as compared to the control group (Table 7 ). There were 7 types of abnormality being observed in all experimental groups such as no hook, amorphous head, pin head, bent head, coiled flagellum, hairpin loop, and bent flagellum Fig. 1 ). Table 7 also showed that AEAM 100 and AEAM 150 resulted in higher sperm count compared to the control but there was no significant difference being recorded. Basically, the function of mitochondria for ATP production is extremely important to obtain optimum capacity of sperm motility specifically at the tail structure. 55 ATP is the main source of energy in sperm motility that became the most important sperm parameter for fertility investigation. 56 Motility of sperm is one of the critical state in allowing the sperm to ascend the female reproductive tract and also it is essential to achieve fertilization. 57 Thus, the present finding discovered that the percentage of sperm motility is significantly higher for the treated groups, AEAM 100, 150, 200 and 1000 as compared to the control group (Table 5) . Therefore, it is confirmed that the administration of AEAM which possess antioxidant properties is very helpful in fighting the sperm cell damage that caused by reactive oxygen species (ROS) and thus leads to increase sperm motility and reduce sperm abnormality in treated mice. This finding also in agreement with the previous study 58 , they also added that the antioxidant compounds from the plant derived can also enhance fertilization process for several folds and resulted in reducing men infertility problem. In maintaining the normal cell function, antioxidants compounds are vital to scavenge and suppress the ROS formation, or oppose their actions. 53, 59 Moreover, no abnormal signs were observed in both toxicity studies except mild sedative effect that appeared after oral administration of AEAM in all treated groups especially in the treated mice that received higher doses of AEAM. 34.66 ± 0.81* 1.06 ± 0.18 56.11 ± 1.71* * The mean difference is significant at p < 0.05 level n = 5 in each group In conclusion, the present study revealed that a single dose of AEAM up to a dose of 2000 mg/kg body weight was found to be safe when tested in ICR male mice. In sub-acute toxicity study, the administration of AEAM up to a dose of 500 mg/kg body weight did not cause any adverse effects or lethality to the treated mice. However, the slight reduction in body weight in all treated mice was observed starting from day 7 until day 14 when compared to their initial body weight on day 0. Surprisingly, the slight increment in their body weight on day 21 was observed except in the treated mice that received AEAM 1000. The results also demonstrate that AEAM has a therapeutic potential in improving sperm quality in mice and can be one of the alternative medicine to combat infertility problem. Therefore, further studies are still needed for a better understanding of the toxicity effects that produced by administration of AEAM in the future.
